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1 Introduction 
Dye-sensitised solar cells (DSC) represent a 
viable commercial alternative to silicon solar 
cells, with lab efficiencies above 11%.  They 
offer significant potential for building 
integration, being semi-transparent, and have a 
different cost structure to traditional solid state 
p-n junction cells.  However DSC cells are 
electrochemical cells and have a quite different 
dynamic response than solid-state cells. 
 
This paper present a comprehensive overview 
of models of DSC cell performance, from the 
fundamental cell level, on to performance of 
arrays of solar cells, highlighting the 
fundamental parameters at each level, from the 
molecular to the cell design level and the array 
level which play a role in the delivery of 
maximum power and energy in these systems. 
 
2 Modelling of DSC  
We have developed models for both charge 
transport behaviour, focussing on the 
modelling of current-voltage characteristics 
building on fundamental charge transfer 
reactions, and power generation in arrays of 
DSC.  This paper provides an overview of the 
modelling approaches used and how these 
different models can both be used in the design 
of DSC systems. 
 
We start with interfacial charge transfer 
modelling, focussing on the electrolyte-dye-
titania interface, and the possible electron 
charge transfer processes.  This is used to build 
up a mathematical model which can predict the 
current-voltage characteristics of the cell as a 
function of a number of different variables.  
The model enables numerous cell parameters 
to be varied which allows testing of the effects 
of these device parameters on the overall 
performance.  A summary of some of the key 
results will be given. 
 
When considering actual performance of an 
array of cells, or large area cells, it is important 
to consider the effects of variation in the 
working point of each elemental cell in the 
device. This is particularly important when the 
current drain is large and the cell e.m.f. is low. 
A model of a finite-sized cell with finite 
resistances has been developed to understand 
the impacts on the power delivery performance 
of these cells, and the impacts of shading on 
cell performance. 
 
3 Results 
Results found to date show that there is an 
optimum combination of transparent 
conducting electrode properties (resistivity 
versus transmittance), and there are optimal 
material properties dependent on the cell 
geometry, in particular the length measured 
along the direction of current flow.  Finally we 
demonstrate appropriate methods for 
protecting DSC arrays from the effects of 
shading and how to extract maximum energy 
from partially shaded arrays. 
 
4 Conclusions 
This work demonstrates the effectiveness of 
modelling methods for optimisation of DSC 
cell performance, and as a tool for diagnosing 
cell behaviour.  New approaches to design of 
cells and arrays for extraction of maximum 
energy have been developed. 
